Abstract Original Article
Candida species, resistance in other types of fungi, such as Aspergillus, is also an emerging issue. The full extent of the problem is still unknown, but the global prevalence of azole resistance in Aspergillus is estimated to be approximately 3%-6%. [5] The CD4 count is the most important laboratory indicator of immune function in HIV-infected patients. It is also the strongest predictor of subsequent disease progression and survival according to findings from clinical trials and cohort studies. [6, 7] The CD4 count is used to assess a patient's immunologic response to antiretroviral treatment (ART). It is also used to determine whether prophylaxis for opportunistic infections (OIs) can be discontinued. [8] mAteRIAls And methods
The patients were divided into two groups immunocompetent and immunocompromised that is, patients with significant neutropenia <500 neutrophils/µl for longer than 10 days. These patients were attending the Outpatient Department or admitted to Ward of Department of Tuberculosis (TB) and Respiratory diseases, and the Antiretroviral Clinic at Jawaharlal Nehru Medical College and Hospital, AMU. The period of study was from January 2015 to July 2016. A detailed clinical history and examination were recorded for each patient.
Collection of specimens
Expectorated sputum, induced sputum, bronchoalveolar lavage (BAL) endotracheal aspirates, pleural fluid and blood were collected and transported immediately to the microbiology laboratory and processed promptly within an hour of collection, except for serum which was stored at −20°C.
1. Routine laboratory investigations such as haemoglobin, total leucocyte count, differential leucocyte count, erythrocyte sedimentation rate, liver function test, renal function test, lipid profile serology and some specialised investigations chest X-ray, high-resolution computed tomography scan, etc., when required were performed 2. The following microbiological investigations were carried out:
HIV testing by ELISA/Rapid/Simple tests and CD4 cell count estimation
The HIV status of all patients was confirmed at Voluntary Counselling and Testing Centre, Department of Microbiology, JNMC. The HIV antibody assay was assessed by three (ELISA, Rapid and Simple) tests as recommended by the National AIDS Control (NAC) Organization, Ministry of Health and Family Welfare, Government of India (2007). The CD4 cell counts of all the patients were estimated by flowcytometry using Partec CyFlow ® Counter (Germany).
A. Microscopy: Direct microscopy of the clinical materials was performed by Grams, Giemsa staining, calcofluor white stain, India ink and potassium hydroxide preparation was done B. Culture for fungus: After initial inoculation and incubation, all culture media were examined for fungal growth daily during the 1 st week and on alternate days thereafter up to 3 weeks. The isolates were identified on macroscopic and microscopic mor phological characteristics using standard techniques described in medical mycology [9] C. Identification and characterisation of fungal isolates:
Yeast isolates were identified on the basis of colony characteristics and further by germ tube production, morphology on corn meal agar (HiMedia) for disc diffusion testing of yeasts was followed to detail. [10] The antifungal agents tested were amphotericin B, nystatin, ketoconazole, clotrimazole, fluconazole, itraconazole and caspofungin. Moreover, Broth microdilution method for yeasts was adopted in this study as per guidelines based on document no. M27-A3. [11] The antifungal agents used were, amphotericin B, fluconazole, ketoconazole and caspofungin from HiMedia Laboratories. M51-A for mould disc diffusion testing was followed. [12] The CLSI document M38-A2 for microtiter mould testing was followed to detail CLSI, 2008. [11] The antifungal agents used were amphotericin B, itraconazole and caspofungin from HiMedia Laboratories.
Results
Most of the patients that is, 47 (31.3%) were between 31 and 40 years with a mean age of 32.5 years. The male-to-female ratio was 1.8:1.
Out of 150 patients, the immunocompetent patients comprised of 70 cases whilst the immunocompromised patients comprised 80 cases. Majority of immunocompetent cases were those presenting with lung mass that is, carcinoma (26.6%) and secondaries in lung (8%), whilst HIV-positive patients constituted the maximum number (40%) of immunocompromised cases. A total of 65 (54.3%) samples were positive for fungal elements on direct microscopy. Fungal culture was found positive in 35 Amongst the 32 (49.2%) mould isolates, 30 (93.7%) were found to be Aspergillus species. Aspergillus fumigatus was the most common (53.1%) followed by Aspergillus flavus (31.2%) and Aspergillus niger (9.3%). One (3.1%) isolate of Mucor from a diabetic patient and 1 (3.1%) isolate of Penicillium marneffei from an HIV-positive patient were detected.
The two cases of pulmonary cryptococcosis (1.3%) were positive on both culture and latex agglutination test.
Galactomannan antigen was positive in 13 (28.9%) BAL samples and in 15 (33.3%) serum samples, wherein the 45 BAL samples represented immunocompetent cases and 45 serum samples represented immunocompromised cases. Sensitivity and specificity of GM assay in BAL samples were found to be 100% and 97%, respectively. On the other hand, sensitivity and specificity in serum samples were found to be 94.1% and 100%, respectively.
In patients of HIV, 10 (33.3%) were positive for Aspergillus culture and galactomannan antigen in serum. Cases of pulmonary tuberculosis showed a positivity of 1 (50%) on culture and the same for galactomannan antigen. In patients with lung carcinoma, 10 (26.3%) were positive for culture whilst 11 (29%) were positive for galactomannan antigen. Twenty-one per cent of these patients had galactomannan in BAL whilst 7.9% of them had antigen in serum. In patients with secondaries in lung, 5 (41.7.3%) were positive for culture and 4 (33.3%) for galactomannan antigen that is, 25% in BAL and 8.3% in serum. In cases of chronic obstructive pulmonary disease (COPD), 1 (20%) was culture positive and positive for galactomannan antigen in BAL as well. In cases of pneumonia, 1 (50%) was positive for culture and galactomannan antigen in serum.
All patients were categorised into four categories as proven invasive pulmonary aspergillosis (IPA), probable IPA, possible IPA and non-IPA. 22 (24.4%) patients were of proven IPA, 7 (7.8%) of probable IPA, 2 (2.2%) belonged to possible IPA whilst 59 (65.5%) were of non-IPA [ Table 2 ].
All of the cases of proven IPA were positive on culture. 20 (91%) of them showed fungal elements for Aspergillus on direct microscopy and 16 (72.7%) showed histopathological findings of Aspergillus. Twelve of these patients were positive for GM in BAL and 10 in serum. Furthermore, 20 cases showed radiological findings positive for pulmonary aspergillosis.
The minimum inhibitory concentration (MIC) values of both Candida and Aspergillus isolates were calculated by Broth Microdilution method and resistance was also tested by the disc diffusion method. Amongst Candida isolates, resistance to A total of 18 cases of IPA were seen with mean of CD4 as 101 (± 19.2). Pulmonary aspergillosis was also seen in 13 immunocompetent patients (mean CD4 range 720 ± 50.3).
C. neoformans, P. jirovecii and P. marneffei were detected from patients with mean of CD4 count <200, 114 (± 19.9) and <100, respectively.
A mortality of 27.7% (18 of 65) was observed during this study and 10 (15%) were lost to follow up. Patients of candidiasis demonstrated a mortality of 24.1%, 8 (26.7%) patients of pulmonary aspergillosis died. Of these, 6 were proven IPA and 2 of probable IPA. Cases of cryptococcosis and pneumocystosis showed a mortality rate of 50%. 100% mortality rate was observed in pulmonary mucormycosis and the single case of penicillosis survived [ Table 3 ].
On follow-up, after 12 months of treatment, majority that is, 33 (55%) of the cases had stable CD4 counts and 35% showed improved counts. Fall in counts was observed in 5 (8.3%) patients and 1 (1.6%) was lost to follow-up [ Figures 1 and 2] .
dIscussIon
There has been an expansion of medical facilities with ongoing building and construction work, urbanisation, climate changes and events such as the 2004 tsunami in the Indian Ocean have affected the epidemiology of invasive fungal infections. [13] An insight into the current scenario within the Asia-Pacific region is important. Of the total 33 isolates, 14 (42.4%) isolates were of C. albicans; 64.3% from the immunocompromised and 35.7% from the immunocompetent. Ten (71.4%) isolates of these were from patients of pulmonary tuberculosis. This is because tuberculosis has always seemed to be associated with many other secondary infections, the most common amongst them being Candida spp. infection.
The remaining 19 (57.5%) isolates of Candida were NAC. Likewise, non-albicans Candida was isolated from majority (29%) of patients whilst C. albicans were isolated from just 26% of patients in a study of. [14] The distribution of NAC in our study was 12.1% by C. dubliniensis, 15.1% by C. glabrata, 9.1% each by C. parapsilosis and C. tropicalis. For each of these species, the contribution was either equal or greater in the immunocompromised patients, except for C. tropicalis where 2 (66.6%) were seen in immunocompetent patients as compared to just 1 (33.3%) isolate from an HIV-positive patient. The higher rate of detection can be explained by the longevity of hospitalisation of the severely immunocompromised individual (HIV-positive patients) that has allowed these species to emerge and cause diseases. [15] Furthermore, of the various NAC, C. dubliniensis is known to be associated with HIV-positive patients which supports its higher prevalence in our study.
Pulmonary cryptococcosis was seen in 2 (1.3%) patients, both of which were HIV positive, one of which was also a case of multidrug-resistant TB. Similar observations of 1.6% and 1.2% were reported by Wadhwa et al. and Khan et al., respectively. [16, 17] [17, 18] This low prevalence may be due to lack of diagnosis or prevalence of more virulent conditions, such as tuberculosis, leading to pulmonary disease before pneumocystis pneumonia (PCP) could manifest. [19] However, Wadhwa et al. found pneumocystis jirovecii pneumonia (PJP) in 8.3% of patients. [16] However, no cases were reported amongst the immunocompetent patients in our study. PCP has been rarely reported in immunocompetent patients. [20] Twelve (40%) of Aspergillus isolates were found in relatively immunocompetent patients of which 1 was of COPD and the rest were of initial stages of lung cancer or secondaries. Whilst not common, IA has been noted in several reports of cases within the Asia-Pacific region. [13, 21, 22] Of all the Aspergillus species isolated, A. fumigatus was the most common (53.1%) followed by A. flavus (31.2%) and A. niger (9.3%). This is consistent with the fact that in Asia-Pacific countries with a temperate climate, A. fumigatus is the most common species isolated. [13] In the present study, GM assay was conducted in both BAL and serum samples, 45 each. BAL was taken from immunocompetent patients and serum from the immunocompromised. This was because reports have shown that in BAL samples, the test showed a high sensitivity amongst patients who have non-haematologic cancer (solid-organ transplant recipients, chronic obstructive pulmonary disease, patients in the Intensive Care Unit, [23] [24] [25] [26] [27] whereas the sensitivity of the test in serum was particularly low in this subgroup. These differences may be explained by a lower degree of angioinvasion in these patients who are still capable of having a local inflammatory reaction confining the disease to the lung. BAL positivity for GM was seen in 13 (28.9%) samples and culture of same samples was positive in 12 (26.6%) patients. False-positive results can be caused by various factors as coded by. [28, 29] Therefore, galactomannan detection does not remove the need for careful microbiological and clinical evaluations. [30] History of intake of steroids and antibiotics was present in the single case negative for culture and positive for GM.
In serum samples, GM was positive in 15 (33.3%), the cultures of which showed positive isolates in 16 (35.5%) samples. Higher positivity in serum samples as compared to BAL samples can be attributed to the pool of samples representing immunocompromised patients. 1 (3.1%) isolate of Mucor was found in a diabetic individual. In a series from India, approximately 12% of cases occurred in immunocompetent individuals. [22] All patients were categorised into four categories as proven IPA, probable IPA, possible IPA and non-IPA as described by De Pauw et al. [31] Twenty-two (24.4%) patients were of proven IPA, 7 (7.8%) of probable IPA, 2 (2.2%) belonged to possible IPA whilst 59 (65.5%) were of non-IPA. In a study conducted by Ali et al., [32] 20% patients were found to be of proven IPA, 32.5% of probable IPA and 17.5% of possible IPA and 30% of their patients did not meet any of the criteria for IPA. Therefore, GM assay in BAL showed a sensitivity of 100% and a specificity of 97%. Overall, the assay had a sensitivity of 71% and specificity of 89% for proven cases of invasive aspergillosis. [33] Our specificity of GM assay is similar to that analysed by Pfeiffer et al. In serum samples, however, a lower sensitivity of 94.1% was observed. According to Lahmer et al., a lower sensitivity of 35% and a specificity of 70% were observed in serum samples as compared to a sensitivity of 70% and a specificity of 94% using BAL samples in the same critically ill patients, although our study showed a higher sensitivity. [34] Resistance was observed in 13.8% isolates to fluconazole and clotrimazole, 6.9% isolates to ketoconazole and 3.4% isolates to amphotericin B. These findings are in agreement with a study conducted. [35] Resistance to fluconazole was observed in 6.9% isolates of C. albicans. Similar finding also reported by Rizvi et al. [36] As compared to C. albicans, most of the NAC usually exhibit a reduced susceptibility to the common antifungal agents, especially C. glabrata which exhibits reduced fluconazole susceptibility. [37] Our study also demonstrated a higher rate of fluconazole resistance amongst NAC (13.8%) as shown by Deorukhar et al. [38] Amongst NAC, 50% of C. dubliniensis and 20% of C. glabrata showed resistance to fluconazole. In addition, resistance to ketoconazole was seen in 25% isolates of C. dubliniensis. Maheshwari M et al., in a study on HIV-positive patients from Delhi, showed that C. dubliniensis was one of the most common isolates and resistance was also significant. [39] No isolate was found resistant to caspofungin. Caspofungin was shown to be equivalent to (and less toxic than) amphotericin B in the treatment of patients with invasive candidiasis. [40] Moreover, they exhibit potent activity against fluconazole-resistant Candida sp. [41] For all the 30 Aspergillus isolates, MIC ranges for amphotericin B, itraconazole and caspofungin were identified. Resistance to amphotericin B was observed in 11.8% of A. fumigatus, 10% of A. flavus and 33.3% of A. niger. Resistance to itraconazole was seen in 11.8% of A. fumigatus, 20% of A. flavus and 33.3% No resistance was observed against caspofungin against any species of Aspergillus. Resistance to caspofungin in Aspergillus has not been reported from India. [42] This could be because caspofungin is still the least used antifungal in India.
Most of the patients included in this study were in advanced stage of disease, 60% were categorised had their counts below 500. Fourteen (23.3%) were classified in end stage with counts below 350, whilst only 16.6% had their CD4 counts above 500. This can be attributed to lack of awareness regarding the clinical spectrum amongst the general population along with the absence of diagnostic facilities at the peripheral health centres. Hence, the consequent delay in reaching tertiary health centres. Furthermore, it is well known that the normal range of CD4+ and CD8+ lymphocyte counts varies amongst different ethnic groups with the median CD4+ count amongst normal healthy Indians being significantly lower than that in African and Caucasians. [43, 44] The occurrence of oropharyngeal candidiasis (OPC) and oesophageal candidiasis (OEC) are indicators of profound immune suppression, and these syndromes are most often observed in patients with CD4+ counts <200 cells/µL with OEC being found in a more advanced stage of AIDS than OPC. [45] This is similar to our observation of mean of 106.5 ± 63.5 cells/µl. Isolates were also found from immunocompetent patients with a mean of CD4 as 702.8 (± 72.0).
Cornillet et al. found neutropenia during the previous 15 days as a major risk factor for pulmonary aspergillosis. [46] Majority (58%) of our cases had a mean of CD4 below 150, as supported by Meyer RD et al. [47] Our study also showed pulmonary aspergillosis in immunocompetent patients (mean CD4 range 720 ± 50.3) which can be attributed to predisposing risk factors such as smoking, occupational exposure and underlying chronic lung diseases. [48] Cryptococcus was isolated from both patients with CD4 count <200. Studies from Pune and Delhi show comparable results of 114 and 135, respectively. [4, 49] PJP was seen in HIV-positive cases with a mean of CD4 as 114 (± 19.9). A study by Vajpayee et al. also reported CD4 counts of 150. [18] In the current prospective study, response to treatment and mortality during follow-up were assessed with relation to fungal infection and CD4 counts. Factors influencing the clinical outcome of patients were also analysed. Out of the 65 cases with diagnosed fungal infection, an overall mortality rate of 27.7% was seen. The (crude) mortality amongst people with candidemia is approximately 30%. [50] Our study showed 24.1% which is comparable to a rate of 19%-24% observed by Morgan et al., (2005) . [51] 8 (26.7%) patients of pulmonary aspergillosis died. Of these, 6 were proven IPA and 2 of probable IPA. IPA causes a 25%-35% mortality despite the introduction of new antifungal agents such as voriconazole and echinocandins. [52] [53] [54] Ten patients were lost to follow-up. Some of these patients were either referred to higher centres and some did not return for further therapy.
The CD4 count is the most important laboratory indicator of immune function in HIV-infected patients. It is also the strongest predictor of subsequent disease progression and survival according to findings from clinical trials and cohort studies. [6, 7] The CD4 count is used to assess a patient's immunologic response to ART. It is also used to determine whether prophylaxis for OIs can be discontinued. [8] On monitoring, the respective CD4 counts of all the HIV-positive patients, the first follow-up at 6 months revealed that 32 (53.3%) of patients continued to have stable counts, the counts improved in 19 (31.6%) and 8 (13.3%) patients demonstrated a fall in blood counts. After 12 months of treatment, 33 (55%) of the cases had stable counts and 21 (35%) showed an improvement in counts. Fall in counts was observed in 5 (8.3%) patients. 1 (1.6%) patient each was lost to follow-up at 6 months and 12 months. /year until a steady state level is reached. [55] This compares well with our study where majority of the patients showed stable counts after an initial rise.
conclusIons
Patterns of invasive fungal infections are changing in many ways. In the midst of these evolving trends, IFI of the respiratory tractcontinue to remain important causes of morbidity and mortality. Diagnostic tools can be adequately used only if the treating physician is aware of the propensity of patients to acquire a fungal infection. Thus, continuous awareness and education is crucial for successful management of patients. Judicious use of antifungal medications as prophylactic measures must be employed, particularly in the critically ill and patients of HIV.
Financial support and sponsorship
Nil.
Conflicts of interest
There are no conflicts of interest.
